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(54) Abstract Title 

Roller cone driB bit having non-axisymmetric cutting elements oriented to optimise drilling performance 

(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected lithology is simulated and the orientation 0| of the 
asymmetrical tooth is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A typicatoptimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at least one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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ROLLER CONE DRILL BIT HAVING NON-AXISYMMETRIC 
CITITINGEIJE^ ORIENTED TO OPTIMIZE DRILLING 

PERFORMANCE 



The invention relates general^ 
formations. More specifically, the invention relates to methods for designing, and 
5 to design^ for drill bits having improv ed drilling; pexf oi i n a nc e. 

Roller cone drill bits used to drill weHbores through earth formations 
generally include a plurality of rofler cones rotatably rnoxrnted to a bit body . The 
bit body is turned by a drilling apparatus (drilling rig) while axial force is applied 

10 to the bit to drill through the earth formations. The roller cones include a plurality 
of cutting elements disposed at selected locations thereon. The types, sizes and 
shapes of the cutting elements are generally selected to optimize drilling 
performance of the drill hit in the particular earth formations through which the 
formation is to be drilled. 

IS The cutting elements may be formed from the same piece of metal as each 

of the roller cones, these being so-called "milled tooth" bits. Other types of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
from selected materials) which can be affixed to the roller cones in a number of 
different ways. 

20 Some types of cutting elements, both nulled tooth and insert type, have 

cutting edges ("crests") which are not symmetric with respect to an axis within the 
body of the cutting dement These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-axisymmetnc cutting elements 
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cnemed so that the c-* are oriented in a se.ec*d direction. Toe purpose «f such 

te snch method for impmvmg drill bftperfbrmance t(y orienting cumng 

ete ne», ^ along ..,itfM- <H-t>« » " 
appl ^PCrmS99/199Kffled b yS. Cheo. 1*e method - *» 

wMm generally include* detenmning an expected tmjectin, of foe cotting 
elcmente as they come into contact with foe ear* formation. Tta ejected 
ttjedm, fc drfemrined by estimating arotmtammvof foe rote cones, flua mho 
,^foeco,m.°*mo n .peed^*»P^ Thecrertaof 
to anting etament* an. men oriented to be aotatomially papmtohr to, or 

along, foe ejected najeomy. Wbett- *» «*» TO """^ l** 40 ^ « 
^foeerpectedtmj^ 

Yet another method for orienting foe ctets of foe editing elements on a 
^ cone bit to deseribed m U S. p^ 5^ A» 

wM ,i.^m^or30to»deime.(^3Wto330d«^*»4..ari.o*- 

rotation of the cone. 

It is desirable to provide a drill bit wherein w^sytvfm^ catting 
elements are oriented to optimize a rate at which the drill bit cats tough earth 

■ft: 

20 formations. 
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One aspect of the invention is a roller cone drill bit having roHsr cones 
TO tatably attached to a bit body. Bach of the cones includes a plurality of cutting 
25 elements, at least one of the cntting elements being nm-axisym»iietric and oriented 
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sothatavalueofatleastore fa0De 
embodiment, the at least erne parameter include rate of penetration of the drill bit 

In one embodiment, the crest of the at least one cutting element is criented 
at an angle of about 10 to 25 degrees fiom the diiection of xnrjvement of me 
5 cutting element as it contacts the earfc 

disposed™ a i»sit^ In anomer 

cm1)6n^nent, tl^ 

10 bit mcroarng simnlanng the bit dnffing earth fixations. The drill hit ktctades 
roller cones Mtatably attached'tb a bit body. EachAof the cones includes a plurality 
of cirtting elements, at least otte of the cutting elements being nou-axisynTrnetric. 
m me method, an orientation of flie cutting element is adjusted, and me drilling is 
again simulated. The adjastnunt and siniuh^ 
15 least one drilling performance pasameter is optimized In one embodiment, me at 
least one performance parameter includes me rate of penetration of the drffi biL 

aspects and advantages of the invention will be apparent firom the 



20 

Figure 1 shows one exan^ 
axisymmetric cutting elements. 

Figure 2 shows a bottom view of one example of a roller, cone bit having 
c atting «->letri«its oriented acc^mimg to the invention. 
25 Figure 3 shows one eatarnple of how to appr o xi mate a location of a drive 

row on a cone. 
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Figure 4 shows one embodiment of a cutting element which has mote than 
one direction of a long dimension. 



r>BTATT.HDDHSCRTPTION OF 1 

Referring to Figure 1> a typical prior art roller cone drill bit 20 includes a 
5 frit body twv^g «n ariemalhTttttead^coamectioii at one end 24, and a phnaliry 
of roller cones 26 (iisnatty three as shown) attached to die other end of the bit body 
22 and able to rotate wim respect to the btt body 22, At^hed <P #"* cones 26 of 
the bit 20 are a plurality of cutting elements 28 typically arranged in rows about 
the surfece of the cones 26V The 
10 * ar£*utetud^ 

milled steel teem. The cutting elements shown in Figure 1 at 28 are nan- 
axisymmetric, meaning that the crest 28A of the cutting element is not symmetric 
with respect to an axis (not shown) of the OTtting element 28. Typically, the crest 
28A. of a non-axisymmetric cutting element such as shown at 28 will define a long 

15 dimension, shown along hne L. An orientation of the long dimension L is 
generally defined as an angle subtended between the direction of the long 
dimension L and a selected reference. In tins example the reference is the 
rotational axis of the cone, shown at A. Any other suitable reference can be used 
to define the orientation of die cutting element The non-axisyrmnetric cutting 

20 elements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimension L is substantially parallel (at zero degrees subtended ang<e) with 
respect to the axis rotation A. 

ft should be noted that die long dimension L for the crest 28A shown in 
Figure 1 is substantially parallel to die crest 28A because the crest 28A is linear. 

25 Other shapes of crest are known in the art which will have different definitions of 
the long dimension. For example, crescent shaped crests on some cutting elements 
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may have the long dimension defined as along a Hne connecting the endpoints of 
the crescent Referring briefly to Figure 4, for example, a special type of cutting 
element 28B has a long dimension L2 across its crest which as shown in this 
example is oriented differently than the long dimension LI of the base of the 
5 cutting element 28B. For die description of the invention which follows, the 
orientation of die crest of such cutting elements will be determined by the 
direction of L2. As will be further explained, the individual orientation of both L2 
and of LI can be optimized to provide improved drilling perffomiancfe. 

Referring back to Figure 1, although the bit 20 has been shown wherein 
10 substantially all the cutting elements 28 include the long dimension L, it is within 
the scope of this invention if only one such cutting dement, wanyoier number 
of such cutting dements, is non-axisymmetric and includes long dimersion L» 
The rest of the cutting elements may be axisymmetric Therefore, the number of 
non-axisynrmetric cutting elements is not intended to limit the invention* 
15 It has teen determined that the orientation of the long dimension L with 

respect to the axis of fee cone A has an effect cm drilling performance of the bit 
20. hi one aspect of the invention, drilling with the bit 20 through a selected earth 
formation is simulated The simulation typically includes determination of a rate 
- at which the bit penetrates through the selected earth formation (ROP). among 
20 other performance measures. In this aspect of the invention, the angle of the long 
dimension L with respect to the selected reference is adjusted, the drilling 
simulation is repeated, and the performance of the bit is again determined. The 
adjustment to file angle and simulation of drilling are repeated until the drilling 
performance is op timi zed In one embodiment of the invention, optimization is 
25 determined when the tale of penetration (ROP) is determined to be maximm 

One such method for simulating the drilling of a 10110- cone drill bit such as 
shown in Figure 1 is described in U. S. patent Application serial no. 09/524,088 
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tiled on March 13, 2000, and assigned to fhe assignee of this inventior-. The 
method of the '088 patent application is hereby incorporated by reference. The 
me thod for simulating the driffing performance of a roller cone bit drflling an earth 
formation may be used to optimize the design of roller cone drill bits, and to 
optimize me drOlmg performance of The method includes 

selecting bit design parameters, selecting drilling parameters, and selecting an 
earth formation to be drilled. The bit design parameter 

the shape of the catting elemert? on the drffl bit. The method ^tfcr includes 
cafciuating, from the bit design pannneters, driffing parameters and earth 
formation, the parameters of a crater fonned whim ^ of the cutting elements 
contacts the earth fbrniation. The rnetbnd finfujr f*^fe ca^dating a 
bottomhole geometry, herein the crater is removed from a bottomhole surface. 
The method also includes mcrementally rotating the bit and repeating the 
calculating of crater parameters and bottomhole geometry based on calculated 
15 roller cone rotation speed and geometrical location *ri^ 
roller cone drill bit about its axis. 

m the present embodiment, the simulation according to the previously 
described program is performed. At least one driffing pe rform a n ce parameter, 
which can include the rate of penetration, is determined as a result of the 
shnalanon. The angle of the long dimension £ of the at least one non- 
axisymmetric cutting element is adjusted. The simulation is repeated, typically 
mrtndmg ™*t"t»i«»n C the values of all the other drilling control and drill bit 
design parameters, and the value of the at least one drillmg r^ormance parameter 
is again determined. This process is repeated until die value ^ of ■ fte driffing 
perf orm ance par ame ter is optimized. In one example, as previously explaued, the 
drilling perforinance parameter is optinazed when rate of penetration is 
determined to be at a maximum. 
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For fee special cutting element 28B shown in Figure 4, the orientation of 
the crest long dimension L2 and the orientation of the base long dimension LI can 
both be adjusted, the simulation repeated, and the results compared until tte value 
of the at least one drilling performance parameter is optimized, It is believed that 
5 in some drill bits, the direction of the velocity vector may be different at the crest 
of the catting elements than at the base of the cutting elements. Specially shaped 
cutting elements such as sb&wx at 28B in Figure 4 provide the bit designer with 
the ability to 6ptimize fee orientation 6£fee long dimension at both the crest and at 
the base of the cutting elements to fiirther improve drilling performance. As for 
10 fee other embodiments of a bit accenting to the various aspects of fee invention, 
t&ifcr^^^ 
limit fee scope of the invention. 

Another aspect of non-axisymmetric cutting elements is feat some ^pes of 
such cutting elements may not be symmetric wife respect to a bisecting plane. 
15 Other types of such cutting elements maybe symmetric wife respect to a bisecting 
plane. Refilling briefly to Figure 1, typical prior art cutting elemcaits sudr as 2«A 
which are not axisymmetric nonetheless have a bisecting plane about which fee 
cutting element is symmetric, hi fee prior art, such cutting elements 28A are 
oriented such feat fee bisecting plane is substantially perpendicular to fee surface 
20 of the roller cone. Another aspect of fee invention is that in addition to orirating 
fee cutting element crest at a selected angle wife respect to fee ccaie axis, fee 
bisecting plane is oriented at a selected angle wife respect to fee surface of fee 
cone. An example of this orientation is shown in Figure 2, where bisecting plane 
P subtends an angle 64 wife respect to perpendicular to fee surface of fee cone 26. 
25 As wife other aspects of fee invention, the orientation of fee subtended angle 84 is 
preferably determined by selecting an initial value of fee subtended angle, 
simulating performance of fee bit, adjusting fee angle, and repeating fee 
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.tarfrftag perfbnaance an.O.no.^.aloeof.heat leas, one 
performance parameter is determined. ^ 

described in the '088 J-tent appHcafon, it has been detomined that drittng 
perfbnnaheeofaeertamt^ 

CrO) bit taving "eKse." *apei *> «*- d *" m " 6 " 

to tbesxis A, when the q^Jp^WMaNP^.^'^teS 0 *" 
ntfally «>rfbe«d (tw-ay tenths <*n» of fl» erne) rfthe ^dW position of. 

^Ib^'^fetmaK* is tap**™! when the angle, *mn to 2 « «* »■ 

wiannanngeofalxrtSSOloSSSdegn". The deBinttan of the size of the angle 
W herein is that the angle top»« in a dheetion of the leading- edge (toward 
15 fliediiecticmofioteti^of^cmiB). 

It has been detemrined thnn^i snnnlation of drilling with the bit tint a 
xnore preferred value for the angle 0, is about 25 degrees, and that a more 
preferred value for angle &± is about 335 <tegrees. 

the event that t^^ 
location, ^ angle nuiy be rite 6cS ^ 
(or more jnefcrably 25 or 335 degiees) depending on which value of the angle 
provides a more optimized value of me driDing performance parameter, such as 

higher rate of penetration. 

One method for estmiatrng foe position of me drive row Is ahisxrated in 

Figure 3. The rotation ^^rfl»«p»^!»wdrt!»^ «» 
example, using force calculations such as described in the WS patent appKcation 
referred to earlier, or by simulating the drilling of me bit as in the '088 patent 
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25 
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application. Having determined or otherwise estimated the rotation ratio of the 
cone 26, a ratio of drive row distance r 2 from the axis of the bit B with respect to 
effective cone radios ri will be a pproxim ately related to the position of the drive 
row. The drive raw position for purposes of this invention will be located 
5 approximately at the position along die cone axis A where the ratio rjt\ is 
approximately the same as the rotation ratio of the cone 26. In any particular bit 
design, there may or may not be a row of catting elements disposed at the drive 
raw location- The angle for orienting the at least one cutting element can be 
selected, as previously explained, by considering the location of the at least one 
10 cutting element with respect to the drive row location estimated according to file 
previously described method. . 

Referring again to Figure 3, a particular featnrc of the invention is shown 
which has as its pur pose Anther improvement of drilling performance. At least 
one of the cutting elements 30, in a row in which all the other cutting elements arc 
15 oriented at the prefe rr e d angle 6 U preferably is oriented at a different angle 83 so 
that the row of cutting elements will resist "tracking*. The magnitude of the 
difference in the angles is not important, hut only need be delected to avoid 
tracking. In particular, whether die selected difference in angle between the at 
least one cutting element and the other cutting elements on the same row is enough 
20 to avoid tracking can be determined, among other methods, by using the drilling 
simulation technique described in the "088 patent application referred to earlier. 

This feature of die invention can work with other embodiments of a drill 
bit. For example, substantially all of (he cutting elements on the bit may have long 
dimension L parallel to die respective axis A of the cone on which each cutting 
25 element is disposed. At least one cutting element on any. one row of cutting 
elements on the bit may be disposed so that its long dimension L subtends an 
angle other than parallel to the cone axis. In another example, at least ons cutting 
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element on each row on one cone can be disposed so that its long dimension is 
other thimparauel tote In yet another example, at least one 

cutting element on each cone, or alternatively, at least one cutting element on each 
row ofeacb cone can be orient 

the cone axis. In each of the foregoing examples, orienungm^ 
element so mat its long dimension other man parallel to the cone, when all the 
other cutting elements in the same row are parallel to t^ 
intended to reduce tracking. This aspect of me hwennon wn^ 
other ones of me cutting elements on the same row are not parallel to the cone axis 
hut are disposed at some selected angle (such as to previous*/ d^ 
angle ). As long as at least one cutrnig element is disposed at a difleient angle than 
all me other cutting elements on one row of cuttmg elements on me bit, such 
configuration is within the contemplation of this aspect of me mrention. In 
another example, each row of cutting elements on each of me cones mciudes at 
least one cutting element disposed at an angle different from all the other cutting 
elements on the row to avoid tracking. 

The invention has been described with respect to particular embodiments. 
It wiD be apparent to those skilled in the art mat other embodiments of the 
invention can be devised which do not depart fiom ^ 
20 dlclosed herein. Accordingly, the invention shall be limited m scope only by the 
attached claims. 
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CLAIMS 

1 1. a meftodfe optimising 

2 bit, comprising: 

3 simulating drilling with the bft ma selected earm 

4 least one drilling performance parameter, 

5 adjusting an mentation of at least one non^bds^ cutting element 

6 onthebit; 

7 lepeating the rfmnlining the drnling ^ 

8 p erfbfma nce par ameter ; and 
9 

10 performance paramen^ 

1 2. The method as defined in claim 1 wherein the at least one 

2 performance parameter comprises a rate of penetration. 

1 3. The method as defined in clahn 2 wherein the optimum value is 

2 determined when the rate of penetration is at arnaTdnhuni^tthie. 

1 4. The method as defined in clahn 3 wheiein the optimum value 

2 clclernnned when the orients 

3 at least one cutting element is disposed outboard of a drive row location on Ihe 

4 cone. 

1 5. The method as defined in claim 3 wherein the optimum value is 

2 determined when the orientation is about 25 degrees when the at leart 

3 element is disposed outboard of a drive row location on the come. 
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! 6 The method as defined in claim 3 wherein the optimum vahie is 

2 determined when the orientation is m a xange of about 350 to 335 o^gre^ 

3 

4 cone. 



the at least one cutting element is disposed inboard of a drive row location on the 



1 7. The method as defined in claim 3 wherein the optimum value 

2 Asternnnedwhenti^ 

3 element is disposed inboard of a row location mttie cone. 

2 %*ti^.on*^ 

3 orientation of a base of fee at least one in^aasymrnetrio cutting element to 



4 optimize the value of the at least one driffing performance parameter. 

1 9, The method as defined in claim 1 further comprising: 

2 adjusting an angle of a bisecting plane of at least one noo-axisymmetric 
3 t cutting element with respect to a surfice of a roller cone on wMcJi me at least «» 

4 mnv-axisyinmetric cutting element is deposed; 

5 repeating the smnilating and det ermining ; and 

6 repeating me . plmb angle, smnilating and 
% deternuning until the optimal vame of the at least one driffing performaace 
8 parameter is determined to be at the optmial value. 
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1 10. A roller cone drill bit, comprising: 



1 



2 a plurality of roller cones, eachrotatably mounted on a bit body, 

3 a plurality of cutting elements on each of me cones, at least one of 

4 the cutting elements bemg mm-axisymmetric; and " 

5 herein an angle sntoendedbetwee^ 

6 one nc^symmetric cutting ^mAm 

7 w Hchtheatleastonecuu^ 

8 attoa*o^^hfltt«prf«» i ^K ,a ? fllBr V 



1 11. 

2 onedrilKng] 



The toner cone drill bit 83 defined A1^^%ifc«lf«* * least 




is 



! 12. Tlie roller cone drfflbn as defined in c^ 

2 apimiriiiialelylOlo* 

3 outboard of a drive row location on mecone. 

1 13. The roller concdrffl bit as deth«^ m claim 10 wherem 

2 approxmmtcly 25 degrees when me at least one cutting element is disposed 

3 oaSbo^ofuddwml^onin^ta^ 



14. The roller cone drffl bit as defined in claim 10 wherein the angle is 

2 approximalely 350 to 335 degrees when me at least one cutting element is 

3 disposed inboard of the drive row location. 

1 15. Tfc* toller cone drffl bit as defined m 

2 appropriately 335 degrees when me at least one cutting element is disposed 

3 inboard of the drive row location. 
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, 16 The roUer cone drill bit as defined in claim 10 wherein the angle is 

2 tbe one of approximately 25 degrees and approximately 335 degrees which 
provides a higher rate of penetration, when the at least one cutting element » 



3 

4 disposed on a drive row location on the cone. 

1 J7. The roller cone drill bit as defined in dahn 10 wheiein n^ cn^ 

2 elements comprise milled steel teeth. 

1 18. The-iollttcoiiedrul bitas ' &hm&to&fa'tO*bm&mtoaa^ 

2 ■^n n ^^-lB m P^^-P a ^' 1 ^ carbide inserts. 

1 19. The roller cone drill bit as defined in clanli lOwheiem the cutting 

2 elements comprise noncrystalline diam o nd compacts. 

1 20. The roller cone drill bit as defined in clahn 10 wherem at least one 

2 cunmg dement ma row havmgc^ 

3 dispbsedatadrf&^anglewh^ 

1 21 The roller cone drill bit as defined in claim 10 wherein an angle 

2 subtended between a long dimension of a crest of the at least one non- 

3 awsypmietric cwtmig element and a^ 

4 least one cwttmg elematf is dispo^ 

5 dttnenaraofmebaseofto 

d cone are both selected to optimize a vahw of the at least s 

7 parameter. 
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1 22. The roller cone drill bit as defined in claim 21 wherein the at least 

2 one drilling performance parameter composes rate of penetration of the hit. 

1 23* The roller cone as defined in claim 10 wherein an angle subtended 

2 between a bisecting piano of the at least one non-^xisymmetiic cutting dement 

3 and a surface of the cone on which the at least one non-ansymmetric cutting 

4 element is disposed is selected to optimize die value of the at least one drflfing 



3 penonnance parameter. 



1 24. The roller cone drill hit as defined in claim 23 wherein die at least 

2 one dnffifigp^ compulses rate of penetration of file bit; 

1 ±5. A roller cone drill bit, ccwnprismg: 

2 a plurality of roDer cones rotatably mounted 

3 a plurality of non-axisyi^ 

4 the roller cones, on at least one tow of fine cutting elements there being at least one 

5 of the cutting elements oriented at a different angle than the other ones of the 

6 cutting elements on the at least one row of cutting elements. 

1 26. The roller cone drill bit as defined in claim 25 further c omposin g, on 

2 each of the roller cones, at least one catting element being oriented at an angle 

3 different than fte other ones of the cutting elements on the at least one row of the 



4 cutting elements. 
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1 27. TheroHercraedrfflbttasdem^^ 

2 |^ one of the rows cm at least one ccme, at lc^ 

3 of fee rows row being oriented at an angle different than the other ones of the 

4 cutting elements in a same one of the rows. 



r 28. T^waim^d^Mim^^^^^ 9 ^^. 9 ^^^^ 

2 least one cuning element in each rc»w on eack of *e ^^^.ori^toM 

3 an angle different than the otter ones of niecut^ng e|ei^^ 

4 each of the roller cones. 

1 , „ -llie roller ^ 

2 other ones of the cutting elements is oriented so that its long dnne*siott is 

3 substimtiaTlyparallel to anaxis of theoneof the one of feeroDer cones on vidridi it 

4 is disposed, 

1 30. The roller cone drill bit as defined m clahn 29 whexem 

2 other ones of the ratting elements is oriented so that its long dhnension is 

3 substantially parauel to 

4 is disposed. 
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